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♦Japanese Patent Application Laid^Open No. 9-331063 
"High Withstand- Voltage Semiconductor Device and Method of Manufacturing the Same" 

The following is an extract relevant to the present application. 
5 An emitter trench 80 is formed between gate trenches 70, and an IGBT of a structure 

is shown. 

This emitter trench 80 comprises an emitter trench groove 80a having the same depth 
as a gate trench groove 7a of the gate trenches 70, an emitter insulation film 80b which is 
formed to cover an inner surface of the emitter trench groove 80a, and an emitter trench 
10 electrode 80c which is made of a doped polysilicon or the like for filling the emitter trench 
groove 80a. Moreover, the emitter trench electrode 80c is electrically connected to an 
emitter electrode 10. (FIG.30) 
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f 7 O OPrB^) n - y 3 VSS 1 ^)S*l-s ftlfis 

v T&m&mnzit, tf—v vu^mmm^i gbt 



I«rflF»*©IBH] 

[R**l] I lOiItf2©£St^t6ll 
Mism 2 <d-£M\cM$l £ 2 ilS©^ 2 TF-fflfom 

mtz^m-tew&fowiwf— y y i^^f-izx^xm-^ntz 

[is** 2 ] sdis^*— b hv ^^•(otiiia^gBw^ffi*^ 
6>*iia»«ui*-coEfttt, atrial— k m^^ss 
$nstr 1 o^<o ltiT-efcs, l8**if-lE3t 

[IS** 3 ] mis-y— i-hu v^<Dfl(ria«gB«>Sffi*» 

yf-©fi2 0^©lTfe5« is** 2 JCfE^CD 
[|f**4] ttflBlftttJloVSH:, Wfe^— 

[IS** 5] ffiia>6MU|<OV$aO. 0 7 5jum-Cfc 
"9, flfJlE^— Mt6^MWl?^(iO. 2^mTW, IS* 
*4 i'!E®©ias»E#>gtt:SEg ( , 

[ff**6] MfEJ6^S<OSS*|6]<0(a:B«. *IIE-{r 

-hh vyf-(D^mM(om.i. 9 t>«v\ If** 1 i-sE 

[If** 7] lltrEy— h H/yf©fyflt 5 3 W 
mEATTNfcS, W** 1 teE*<0«iffiiNIH«S«. 
[1***8] ^l©±Itf2ffl4It^t2iSl 

wiasg 1 (D^mi-m-i&^tifc^ 2 <Dm-mm<Dm 1 ^fm^j 
l»ia«i^#E»Jia»?>strga*»**«»-*»»fc»^$*L 
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h h V o 1 tt(Dm 1 ^« 

^*MfcJl i: K*ft«i;:*tt£*ifciS l 4: , 

iWfESg 2 (DifeffiKflMSn/cJfl 2 ^«§Jco^ 2 7M4to* 
4:, 

m&IS 2 ?H«i|0$SlcM £*Whf& 2 i: , 

io flffiEy— h >-f-\im fe<n f ;/ ^-tMggclStt fen, Sfi 

as, stifE^2fftia5(OF fc 9^ffi^S5 ± b\^^ntz.mm 

fflte±intoffi*2*»«r**U fltrEftl^ttEJBi:* 

[If** 9] HtJlEiS s/* M^^«)fflaSi:fltFiEy— 
h h U^f-<DMmt<DfSmit. fflti-F— Y Y U^T-tDt? 
ytOiq»(DlWTTfc5, sf**8ic|E*£(OiSi»EE 

20 

[if**io] mi<D3z.mtm2(D3imb&m-rz>m 

itfJfESR l w±ffiOFr^w^i-*3^T, itfliEgS l <D±ffi 
- H6IMI*s ±lfWfS«»Sr**i-S J: 5 

30 itljIESg l ipf-^fiE^tt. fifa^— h 

fflESB 2 ©*Bi=i»rt:$nfc» 2 2 ^-rnrnm 

40 nfc^2ftgl5, «9fEm2fltSB©rt*ESr«5 J: 5t-^J* 
*nfc»6»BI*5 J: WJWEJR 2 *a5$r^S« tfriajg l ± 

Bo 

[IS** 1 1 ] fltriEiMHttfcKtt, SUism 1 w±ffi*» 

3F*Btt* $ h ^^tf> If** 1 0 izlBttOKHE^W 

[IS** l 2 ] iiUfSfg l *«SWJF>fi«««H:, flfllE 
50 ?— Y h i/>^-Sr^tp<t^(s— *t®rttbtiZ>, 18**1 


(3) 
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\f y ^-<r> i oft<D iEATT-fc5, ti^fl i o diafcWK 

[»*9i4] iae^s yu>f-(D&2mntffi 
y yu^cDfsim&tnmmnffi— -cfcs, it 

[it*« i 5 ] ^.stmizteMm&j&fSiztiitm i 

ME i NIMM&tE<0lfflEilS l <£>£EI" * 2 ilirof 1 
**4&®*£&fl2j*i-5XlIi, 

Mieffs 2 <D±m^m 2 ^mi^m 2 &mt&-rz 
1st, 

ME**MWH«K:|3V N -C, tfrElft*Wil-»i I a»»&« 20 

WE*ttrt*IH-**i*8rWWU ^— hWBSrJKj*'*-* 

lit, 

lWrffi^— h««©lltrffiJBlO±Bt-»ffiU*:»^Srlft» 30 

[MM17] ffiE*2*IC*Ji©tfreiNH**tfffil 40 
©jfS 3 T*MfcJi Sr»*-f ■SXSSrSfel^tp, »** l 

5, l 5 (cEicCOft Wffi^**K«ro»)S*fto 


¥fffl¥-9 - 3 3 1 0 6 3 

4 

% 2 silt. 

Utiles l **»36««>^*aHi:«lE*2 

Sffifc Srtt; lWEI6WI* s 0f3eots'9 L -C»E* 

ii*nfc, JSl©*fl5i:*2©*BB4:Sr*-*-4*aW*at 

«Sr»J«-r5xei:, 

flfrfs^aittKtsrojg i ro^ffiicm 2 ^mswm i ~^wfa 

flftEft i *tt*Wi©*E©BrJ£«>«#K* 1 *«3!<d*: 

#je^ 2 (D^m\^m 2 *s§»<osg 2 T-mmm *M&.-tz> 

4:, 

HtjiEis i *f&mm t m^mtmm t t^m^ft t-^-t- 

aiSK, *lE*l©*Bar«l5J:5l-l(Si*m««Sr 
B(FE9S20±iBJ-JB2£«BiS:^-r5xai:, &fft 

2 1 ] ffiSfg 2 7MftJ|C0lMlEiM|{t&&tt! 

©KS3^>fitt*Sr»*i-5XeS:*e>t$tp, HI** l 

9 KE*©WWff ¥*IM$«<B«38#Sfe. 

[ W*£ 2 2 ] lifJEiS5fe}7taim«Jgtf>J5: £ (4, 

5, »** i 9 icEttoWWffi^^SifliwKjt**. 
[1***2 3] iWE«*5Sr**-r5xaH:, 

[111**2 4] f 10±iti2©±EtSrtt5l 
1 *«S!©**fr*«SriMI-*-5Xet , 
WE^frSlS^WEJIS l jR 2 #11©^ l 

«»JlSr»fiE-r SXSfc, 

SfrE^ i *Pi9t)m<n&ffi<Dffi-fe<Dm&\zfH 2 ^®^cd^ 
tt»««Sr*tt»J*i-5Xei . 

*TE« 2 2 2 7MMJi *Wiffct 5 

ISt, 


(4) 

5 

mUM 2 ^*6*Si-»4ix*:litrE!B l ^F*fi*«(-*5V^ 

fWEff! l t ftlES? 2 ftas t OrtfflS*BBi-» 1 *«« 
BtJEJS l fltSB*3<fct«(jESK 2 »ffi<^rtSBJ::>jrSttS:5E« 

lit, 

flfrES&y— b«ffi33<fciwt&ESi2^s y?mM<nmu 10 
5 icjb i nmmm &m&-t ^igt, 

StjfS^2 0^®(c N ^2±«ffiJlSr?KfiS:"rsxSi:. % 

2 5 ] tfjiefg 2 ^«»*o«ria^sw*:s«iB 20 

co»3^#fi»*Sr»fiE"r«xaSrS&^*tf, »*«2 

4 KEtt^*Wffi**fcK«<o»**fe 

1 *«® Sr JW»-f5 XS t , 

mum 1 o*o3f^^««t-» 1 mmm<D^myomt$$: 
mum 2 cD^st-m 2 *ms<£>f£ 2 ^mmi sr«j«-t- 5 

*l«ffi«r»riM-5xafc, 

mum 1 atsu t mum 2 «S5(ortgB*iBi-*fi»iKSr^ 

mum l «»*3 itfWEW 2 ASB^«««Sr%« 
U «»y— b«ffifc<fcIWIi&^ ^WSSrJKfifc-f-S 
lit, 

sftEffiay— h«ffi*5±t>*flfjffia5i^^ y?mm<omu 

m 1 <£>£® i-§f ft bfcSS^Sr* 2 f&ftK-Cff 5lSi, 40 
KEftEtia^S y 9WffiZ-W?Z>^i/2 2 b* — /uSrBH 
lWE¥*#£;K t «tTE*»64fc«« t «JE«ii3i * y * m 

1 nmmm &Bj&-t sist, 

[t**S 2 7 ] mJEfg 2 ^ttJft«OME¥**£«ffld 
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<0»3^*E*«S:^'r5xaS:*&J-*tp. 111**2 
6 ^E«KO*HE^»*»«<Z)»Jg*jSfeo 
[ft** 2 8 ] i»E¥*#*«<Ofl&BIB 1 (DH^com 
£<D««^*svvt\ ffiE*i^ffi**&ffiE¥W*S4R 

[0 0 0 1] 
[0 0 0 2] 

j£oft±tfs*»k;h/r^5o m^P^h^^^o 

fgtgi^tS^-Ctt. ±tUGTO (Gate Turn-Off ) ^ 

Kii^^^T^g^ I GBT (Insulated Gate Bipolar Tra 
nsistor ) m*<OMMJ£fcffi&ti&tlZ&llz%:<>XiF 

[0 0 0 3] aMDX{CioTl^Ott^|g^ 
SriSfeSr fcO"C#5y— b b U^psf y"<0 I GBT 

[0 0 0 4] r^T% ia4 9Sr#fiaLX, ^*^f=f^tL 
[0 0 0 5] **5. 12 4 9 tt. y— h h l^^SliSWEE 

i gbt (DWtmwTmmxhZo rcoy— h h u^^-mM 
bje 1 g b t (om&n, &*mh9k&<D n - y =2 >s 

git, rcOn~ ri^StKKO^l^^ffi (Hi^tw 

- v/y^yssii^m, t<Dm^tmum<o\fy^- 

7 0 a*!5itt ib^^TV^^ 0 
[0 0 0 6] y— h h 7 0 <7>|g 1 O^oBfC^-t-^ 

[0 0 0 7] y— h M/^^-7 0 0^— h«1S8 t-Jr — 
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[0 0 0 9] iiBflKSiOftS^— h F^^S 

I GBTOi&m-o^TJ^Tt&W-r^o 
[0 0 10] *i\ ^-7tt1B»f^^ov^TKM•rSo ^ 

gjf asj£a*5o p ^^/lx4 <T>tf— h h 7 0 K«L 20 

[0 0 11] &tc N ^^ffi»^(dov^TKK"t-5c ^ 

ti\z£*Q, p ^ x;U4 0>r- f >f 7 0 {:S L/ci 
tt, -5r— r-«ffia s i«^wi:a>fep !>x;l/4rt^tW?l 

[0 0 l 2] tt^fdSp =iu^^Ji3(^flt4xiitfi:, p 

[0 o 1 3] ifed. _hfe<£>£ ^ft^-^HB^^^^^ffi 40 

JE I G B TI^(«iittM^a» L/cI^^)^-> 

[0 0 14] h^Si-S^fett/cS^^M^L. 4r 

-ME^iTLt, h hW^SKWffil GBT 
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/f/^Lt, h h u ^ f-SiSBE I G B T O 3 u ^ 

^mMtm^-r^o ^-^m<Dt%\^ ^-f^^ 

SffiWffi I GBTOn" ->y aySttl^n^i/77l 
[0015] 

[*W*)»ftUi5J:tSJI!i] -bSBLfc, ^— h h v 
tt, «TK^raH«:*L"Ci^o = it 

[0 0 16] = U^*«l£SrJf LTW 
bdfiiS oT n A y 7 7l 2 I^St 5o SIJE^-h^-f^ 

[0 0 17] C<Oi:£\ I GBTOrtSC^l^^lS*! 

=n^^«ffii 1 t^s y*mmi o t^BBt-fewt-w 

[0 0 18] Lfc^oT, I GBT{^S5WJES:t#*fc«> 

ten. tt t Rnmzm+z&^iz&&m<o*fcitt-rz>n> 

JE»TSr*#<"TSiK** s *)5o -tortus n" v-y 

7 0 OPraiBSr*«)fc OtSwi: dsff **?ttxv^ (TIE 

X»i#IH) o 

[0019] (SClSfc 1 : K Matsushita. I Omura and T 
Ogura. " Blocking Voltage DesignConsideration for 
Deep Trench M0S Gate High Powr Devices w Proc. ISP 
SD'95 pp 256-260) 

tt. Wiffi«^ 9 <o^f— h h u>"7- 7 0 <om&l&m)m~f 
[0020] ^-v«flg^-*5^t5Fp1S^^-ov^Ttft 
ttiSv^ >-tf— ^^Sr*i"^ s , P ^^^4 Idfti^ji* 
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[0021] mm#3teh<Dt Lxtfmztix^zm&<o 

[0 0 2 2] r^T\ ^ttESrTtf SfcfcKte, n" 
^WEttiSX 45 0 L*>U »fc»=p3jf^ I G 
[0023] hi/yfft^/HM^fc^i^ 

(i) h h W^<&^^£8fe»£fllig Cfcitt2 

#H8) 20 

(ii) ^FM/yfM<M«ii «ttt2# 

BH) 

(iii ) HI 4 9 I G B TtO^isiC^V^Ts P ^ 

(iv) p ^ x/V4 0x ^ ^ Z2 >^ ^ h^n^^ s/ ^ 

^ I GBT.ffl»(0|H»-»ALfc*Jt (H5 2#flB) (X 
»2, 3#fig) 

(^Cfifc2 :M Kitagawa. A Nakagawa. K Matsushita. S 30 
Hasegawa. T Inoue. A Yahata and H Takenaka "4500V 
IEGTs having Switching Characteristics Superior to 

GT0* Proc. ISPSD' 95 pp 486-491) 

«J&3 : #H¥7-5 0 4 0 5f^«) 

vKt, (i) , (ii) . (iv) (ommx\x, 4*— b§ 

*as*MDU (ii) , (iii ) <0«5g"Ctt, 

»<45rt^&§W-C*5. «#OM«O0iJi: IT 40 
tt, /ct^tf (iii ) (D*ffiOiirfBI*&Bl^Sfc«>* p 

£^<7>S£ffi«i: 4 5 0 0^v«(DI 

g b t t Tuxfefcm&tmnm&h &wm ufc*£^§r, 

[U 5 3 fC^To ft:Jo\ Z.<Db%(Dm*m I GBTtf>«ig>>< 

y^— n" vy 3>^S4KlO^*E«i«*ds % l. 
3el3/cra 3 rl|S6 2 5 l /mtU -Sr — b b 

[0 0 2 4] 153 i^-t-J: 5 I G B T (* 

fSSTIGBTt/Tt) idJfc^ «afP«JEttfflt^t-« 50 
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[0 0 2 5] &(^, mso^B^tit-c, $ — 

JE (Vce) 2 0 0 VSS*t?S^I-±#Lfc 

f|3 0 0 0 Vgg^Tl^±#l-^t^)SK^fe 

5c (Eopf ) owit»«sr#fiar5fc, ^a-^s* 

[0 0 2 6] IH5 0iOTtIGBT(D#ttt L 

j&S 1 . 0el3/cm 3 , gj4 2 5 /im N V— b YU 

[0 0 2 7] rtf>5.ftf2. al^-^a 
JB^fc I GBTcOrt^fig^^tFfi-ioT, I GBTrt 

[0 0 2 8] £fc. ~(Ofc#^Srt<OSIWs«a£:« 

[0 0 2 9] r^S.*Srifli*Jb"C, ? — 
3 1/ ^ * <D * ttfig«— CO i§*J ft =*• * y T ¥9 £ 

[0 0 3 0] ^cd^p^co locogWti, y-HM/yf 

[0 0 3 1] rcO^P^^teOg^Jti, <!f—h hlslsf-M 

[0 0 3 2] ^™hh^ 
v^Mi^BJBE I gbtco^- :^:7»fM;i:fc^T. — 

[0 0 3 3] 


11 

[00 34] rcO^P^^cSov^fc^gWEE^^ 

£ 0 *<0«L »M©±l:« 1 *tl©» 2 *«*Sfi 

Bi:«2^*aBkSr*-f-5^*ffS«^fiS:$nSo 

[0035] -<D^m^^(omi(D±m\^m2 

[0 0 3 6] ffi 2 tf>£ffiK# 2 ^CIIM^^ 2 ^fcfi 

[0037] «ai^StliUcl6ti^^^ti 

i v) t m c^*B4*>»* §r*-r ^ ^ t° * ^ >- * 

[0038] »cic x «8i5©rtffl(03itr^^->^/writfi* 

[0039] &fc N fm^i^stjis^ 1 tf>±ffii-«ai 

ofiL JS2 0±ffi(Cl«2±*««*S^ fi S;$ix5o 
[0 0 4 0]*:, r^jg^tc^v^^iiitWJE^ffSS 

©tryftftM^snfcK i ^SM^m i 

[0 0 4 1] »l¥»tt»«<0±«ffifc*2*» 
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[0 0 4 2] SB 1 *«4&Ji<o*ffi<^^«l*i- 

±s(^ 2 ^mMom 2 ^nmm&M& s na 0 

[0 0 4 3] 5p3l*«l««(-*5VN-C, >[&»«<£>IHO 

[0 0 4 4] *ffirtfflUi*«(*:S:^*U h 

[0 0 4 5]fc !Bi^*E«i«i:^*E*«*i:l-«ft 

[0 0 4 6] ±^L/cigiE^Sfib^W^ 
[0 0 4 7] r*UcJ:»K «»£E***3S«0*7*tt 

[0 0 4 8] h hUyWtt, ^l^mffi 

[0 0 4 9] S5Iffi^^ao^-^^i:*5VN 

i^jffi»Jf^5ij3lLic< v^«{c/j;5 0 ^ — 

[0050] fcfcx.tfr:oa5Wffi^«cflc»«S:i 
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[0 0 5 1] atJ-, iMffi¥»iM£11<B* — >^^WK 

[0 0 5 2] l«ot, t)H^-Vt7^H 

-t\ m2^s^miEt^ j ^^^-t#sr^^^c 

[0 0 5 3] Ld*U fc^gf^2±I«lE^±#l 

#^5iSWJE^*^S^rta5^^S±# 1 t>(g:< 30 
[0 0 54] #cUi, r (D^0^^SoV^/cii5WjE^^ 

<z>S«i-*5V^, ii(0±ffid^*iMS^^*l^ 

Sl<^±ffi?:15 J:5(-^fiE*tt, ^-hM^>^*f 

ttfc^ 2 2 ^JHfiiftS i: . !B2^*E%BO*BB 

[0 0 5 5] Sbi-, ^-hh^^fllfJT^tV^ 

$*T,fc«2»gB^ ^2«gB^rt*ffiSr«5«t5t-^fiS: 

$*Lfc»aw!t, ss2»««ra5*u mi^mmmtm 50 
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«ttJc«ttStbfc*2«tti:Sr*i-*3i^ 
[0 0 5 6] r.(O^P^icSo*V>fc^HIE^^ 

£n<5 0 ^<om, ^»ff*«^*io±fl5«-*2W«a 

[0057] m 1 ^*e^^^ffi^F^^®«f- 
2 o£® 2 *«S<£>35 2 ^*E»«^s^fiS;$nSo 

[0 0 5 8] fcfcl, *tt»««K*31^-C, 

m^ti±m 1 ^FW^^^T^frss^iai*** 2 

[0 0 5 9] JSl«SBi:»2»«Ortffl«ffi«CJR 

[0060] aa^- h««*3j:r)«S3i3i^ 
£ 0 ^oa, ffiii^$v^«ffi<^-ii^^j*SHfcSB2ie 

[0 0 6 1] 

S 9 i 5 i^S 1 ±tsi^r^^^ti5o ^2 
(D^BBJc^2i«ffi«^?KfiS:snSo 

[0 0 6 2] ±»Lfci«Wffi^*i*:SJ|143j;t5-tO»Jt 

[0063] r<D*it£/8^£;ii{c£o-c, 

ft_h £ it 5 r. k ^s-sitB t 5o 
[0 0 6 4] *#|igU:*5^-Ctt, 

1 ±mm<omvLt ra«ft^»«*ixxv^5*i», 

[0 0 6 5] ro«W{-S<5v^BiWm^Wflc3S 
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JfeJBkBISr^ftL-C, 

^$mmt. m2^mmm<ommKm^tntm2±m 
£tit'm2mnt, j m2mu^m^wo 

[0 0 6 6] ifed, r^^P^{-SoV^^^MEE^^fr^ 20 

[0 0 6 7] ^tc s ^ 1 o±ffi^Fir^®Si:S 1 

2mn l M<om2^m l mmtm^n^>o ^>e»« 

jg 2 fftg|sas«ft7g A * & o 
[0 0 6 8] JfU»ttfc*2»ttfc<Drtffl*ffil- 30 

[0 0 6 9] MSL¥— M»it>m^^ ^ 

[0 0 7 0] *»#*«fc*tttt««fcSi&^* 

mz-m 2 4tsi^*SH5. 

[0 0 7 1] ±»Lfc*iWffi*3lffSS«*5«t^^»3S 


[0 0 7 2] 

[0 0 7 3] *-f . EI l Sr#!& Lt\ *H*£<E>7#1IR l f- 
l/^f-SiSBEIGBT (SJLTSU- I GBTtito ) 

[0 0 7 4] *t n"^!)3ySfill-tt, p^zn/U 
7 at, -^O^— h h V>^-fll7 a (^rtaSffi^Kftfe 

-So 

[0 0 7 5] £/c, -Jr— h h 7 0 <E>^ 1 cO^SiC 

v^5o y—b«ffi8fcl6»IR7i:<oSBi<^±ffi{cKttJU 

[0 0 7 6] — y =i 1 <^m 2 (D^ffi (H-C 

[0 0 7 7] SfetC, *3Ufi<^»lfil^*3*ta I GBT 

[0 0 7 8] 4*3, HI 1 I G B T<Dm^<^ ?* — 

n- v-y =i>St610^#EiftjaiSttl. 0el3 
/c m 3 N n" >y .(D) tt4 2 5 /i m 

T'fcO, y-hM^^f 7 0OtVf{i5. 3^m, 
S (d) }i5|im, fg (W) ttl|/mtfc5o 

[0079] mmmi svmz w > ^mm 
(dx> « i GBT^m^^H^^M^mmt * 

[0 0 8 0] ^i 2 , ii&ft/i 1 5 0«f^|6l<7>{flr|B (Y) £ 


(10) 
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T, S*PT I GBT &*L-CV N S 4>0>tt, B4 7t*l 

tcmmm 1 5 aqattkaxT^ft^ i gbkdk^i 

[0 0 8 1] B!2lc^$H^ct *ft»JBi SSrfStf 
50«^OE«ffi« (Y) tt, ^* 

[0 0 8 2] *6»S 1 

* (Y' ) £0. 3 u m«Tg«l-il<t5 ££5fc<£> 

[0 0 8 3] J&KMl 5cr>J¥£ <Y' ) Wltm * 
[0 0 8 4] **5, "612(^1-7*— ^(-*5V^tt, 

h H/yf7 oo^— M6»Bt7<7)B:sS:0. 0 7 5// 

mfcUM, y-H6«H7i:lfi»il5t(0|IWt 20 

>7-7 O^ii^biii l (dx) £ 

0 . 2 /i mi: L/c G 

[0 0 8 5] IfiftJV 1 5 (D#t;£ftOiagfim 

(X) Sr^T, R««mfcfifP«ffii:^ifOJ:5t-3f 
^"TS3&*S:WfflBL/cje*Sria3^^-fo E3 3^^i-x — 

(DEEBS (dx) figv^dSffifd«ffio«^Sb*^^:# < 
4 "9, P*««flEtt, fr*tfrt£mkX*te&Z>$K dx# 30 
0. 2 |/ mS*T^^ftt§r^LXV^r t^bd^ 0 
[0 0 8 6] 047 I G B T<£>«3£ 

.t, Hi(c^*|6Jte0^1!B'li^*"t5 I GBT(0«5g 
irlC^T, y-hhl/^f 7 0Ot e yf^ifcS^ 

«L7h^*^O^X, EHi^-To (H4tC^V^T, 2X 
TIGBTtt, 12 4 7 i^-rtE*<Z>«i3g<Z> I GBT<0 h 
u^i-tf— h 7 0<^fcV^£2{£tCLfc4§^£^U 2 
XB. O. TIGBTft Hll^tlGBT^lfyf 
&2«tt:L*:»&«:*L-CV^ 0 40 

[0 0 8 7] H]4^fe>, V£^<Dffim<D I GBTlCiSV^ 
^ I. oof y^SrJEtf 5iriSfn«EE^ 

iSJtJOL, »ft«ffi#{S;TLT. 1 GBT©tt«^»kt 
^:^Wc *HMiO®lB^*3*tS I GBT 

[0 0 8 8] fcifc, 1&mm 15in-i/!Ja >"KtS 1 t 
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[0 0 8 9] &tC N ^r— b hl/Vf 7 0<DM*y^b^ ? 

— h hu>f7 ocomm^hmmm 1 s^twebu (d 

x) &«^T^t^/c*^0»WSffifcfia*i«JEi: 

[0090] E]5 <fc<9, <{r — h hUV^-7 0©tfyf* 
5. 3nm<£>4&£\ d x Sri /im*T?*;# ffi 

ffiF^j£{f fiafnWBESrtf s^j&ss.- 3 m N d 

x = 0. 2 // mO»^tlRlSK*"Cefe#S^:5r bfc^ 

[0 0 9 1] L/c^ot, I GBTOS£i£t-*5^T. ^ 

-bh u>^-7 0 tmrnm ist sr^eas^w^s 

dx = i/imi«*-eifett, 1 
G B TOttlgSr^lE-ra r t £ c 
[0 0 9 2] J£JUi<£><fc 5fC s h h 1/^^-7 OCOSffi 

t*6»Jli 5 ir^MPBd xtt, ^DTMfil^tft 

t#£^T\ 2 o »<o 1 gfl! I^t5 t *S ftaad 5 *?) 

-&t?tts 1 O^igSWTX^+^MWbti^. 

[0 0 9 3] ±|B**lli<OHf||B^*5*t * I G B T 

>^S!i«liE I GBTO&?nm/£#t££. I 

g b t t ttm L^c^i-ov^rm 6 *co^#Si^ 

yt^-h7 0OtVf^5. 3 u. ^^^5//m N 
^Umtfe^ £/cX = 0. In m, dx = 0. 2 
iini*fci(6»«OlSS (Y' ) t^O. 2^mt*^ 
(Dm& (Y) 3. 5 ii m<?)#p'?r?FtTV ,v 6o * 

fc. 0 0 A/cm 2 l£*3tt5ffifP* 

[0 0 9 4] BI6^e>t?d»a J: **SS<^^^i-*5 
[0 0 9 5] £7c. iil/cIGBT^ffll/^ 

[0096] ^^5fc«ig^ct5v^rrajB-e&ofc=IU 

^ (V c e) #1 2 0 0V^i/cfc/c^^O 


(11) 
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20 


[0 0 9 7] ±»L/cllKojgffii (ctsrt-s I G 
BT(OKi|JSOl 1 o^frW^o^TEl 9 -0 2 0 £ 

GBTOBffffi*5gt-ffiofc'XgBI"Cfc5o 

[0 0 9 8] 9 Sr#fig IT, ^^SS^ 2 0 0 

~ 1 0 0 0 Q • c m^On" is}) ^ygffi (15$ 4 0 0 — 
6 3 0 Azm) 1A<D±\^ $ t ox^Kftl^^) * 6 Jfi 
M 1 5 8:**t6o 4*5 1 5 tt, 8 2 0- 10 

1 2 1 5t©*tt^, ^x^h^tllK7>fKftiao 

[0099] — n - y =i i a t m C Wt£> 

m) lB^tn o 
[0100] Jfcjn^ HI 1 0 5:#SLT, n" ->V =ils& 

SiAOl(Ol6iii 5<o±{cv-y ^ySfii B^rlfi«9 

n" v^ynyMl^^^o 20 
[0 10 1] 4*5, JWTn" =xV&«l(D-M»|tf>ffi 

[0102] #^ an &&m tx, v- y 3 i 

(OSKlO^ffitC, SIS 1- 5-4. O^rn, plO« 
tt^tr— 1X1 0 15 — 5 X 1 0 18 c m" 3 cOp 

ffitttJl, 8t£0. 8 — 2. 0/im, SIWMtlX 
1 0 1S> — 1 X 1 0 2O c m" 3 tOn + ^ ^ s/^fg^5 £r^J55c 

[0 10 3]—*-, n-^!)3ySgl^2(D±ffil 30 
Cite. SSS'l 0-3 0 a m, ^JffiW^— 1 x 
1 0 14 — 1 X 1 0 18 cm- 3 On + /<y7ri2ts £££ 
3-10/im, ^*M*<Otf— ^a*^nA>77i2 £ 

[0 104] 012S:#JBfr, pV^/V4<D_k 

9, I6»JB1 5^iSi*5^— h h^^*7 a SrW7L"t" 
5c y-hh^f»7a^H (t w ) (2. 

0. 8 — 3. O/zmSStU y-hh^^*7aO 40 
HSStt* 3. 0 — 15. 0 ^ m§K (cMt^c 4*5, 
sf— h h U^»7 a <OS$tt*e»Ji 1 5^J?$ 
(tox) JdJ:!9i*^$tt5^7P<-^T*)5o 
[0105] JSfcJci^ 013 Sr#B8 It, 0 l 2 l-^rT^ 

[0 10 6] JSfclc, 014 S:#RHLT. h h 
f£7 a <Z>P*3gBl-, ^t^^rv-^^S^i-i: "9 . d 50 


nyj|i6eM«o r El i s'd^-f* J; 5 

[0 10 7] ±^L/c^t c ^^v--v^S(-J: 9 

i tmcM^^D v-y =r>-srfflv^t>ifit?4v^ 

[0 10 8] 016 Sr#HHL-C, -Jr— h h 

l Scottish h^l^7(Ofl¥^4^TS«l- 
[0 10 9] 4*5, -Jr— H63RBS7 Sr^figi-5ll(r(-. ^ 

i/7tMO s-<^)»tt*5 <tt^y— h^ffi 7 o#t££rft-h 

[0110] 017 Sr#Rg IT, h h 

-5 c Ell 8i-^"**<t ^^s/^IS^S 

*3J:tJ?p i>ai/v4^BbU-r5J:5^ *Stt»fi8at5 

hhw^«7a, ^-M6W7*oJ;^-hl. 
fli8^C>45 b i^^— h 7 0^^f5 o 
[0111] f<oi, 019 Sr#RB b"Cx aW4©6ff 
4*o>*5j:t>*y ^Sr^-tfv'y -jr— (BPS 
G) Bti 9^i:t>XVDS?«2 0 %M&-tZ>o 

n^m^ iy^^^c5*5^tKp ^^1^4 ^I?ttii-£ «t 
5(^. ^U^h^7^Il9*5WCVDSfc§20 

[0112] 020 Sr#fig IT, 3 ^ h — 

^2 0ASr^tfc«, n- ->y 

[01 13] — "> y 3 1 <F>% 2 0±ffifIlJ(-*5 

v>Tt), pai/^^!3(7)i!:, ni/^^lii 

«±(-J;t», l2ii-*-r*lllS^JKffii(-*3tt 
5 I GBT^t5 0 

[0 114] »:^ % *HJ£^«8l i^*3ft5 I GBTC0 
S8ig*ffi0^2AffWi-oV^ 02 1-02 9§r#RB 


(12) 
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[0 115] 4fH2 l (a) Sr#BHL"C, T^ftSS 
0 - c mgS(0 n " v" V =* 1 

ACD±iC, m& tw + 2 d xOffiii 1 S^fcfcS'^ 
— vSrJ&SU r©»Wll5 8rffl^"CH2 2 (a) 

[0 116] -35. HI2 1 (b) Sr#BRLT, i/Ja^ 

»Ji l 5<£>_Li;iM?L*I t w + 2 d xtfv**— >§r*i-S io 

^SrfffcVV BI2 2 (b) tc^f <fc ^i-^v 5 

^ h^2 2tf>Bfe*£rfp5e5o 
[0 117] 0 2 3Sr#fiRLT, n" ~>V = 

O z 8 5 0~1 1 0 0°C<Dmm 

[0 118] i24 Sr#BBLT, ±iELfcA»« 

loiai i {c^k-rjimtm—cojim^m^^^tK^o 20 

2*3<fct^p =1 W*Jf3te. ^&>n" i>y rr^StSl B 

[0119] £bt-. p 3l^^^«3Srn- ->y =i>^S 
«l<OfB2 0*DB^ffi{^riELTVN536S, -S^-nS 

[0 12 0] Kk^. HI 2 5 §r#RlLT, p l>^4± 

jJrjeoHIn^ — >5:tt^cVD|?ffi2 6£7g 30 

(t w ) H0. 8 — 3. 0//mgg(cMts 
l/yft7a^^J3. 0 — 15. 0 /i meSi-W 

fc, h hVyf»7 a 1 5 fcOMHBttd x 

[0 12 1] Jcl-, H2 6Sr#Stt, y-hb^^ 40 

M/yfMOS^tt^J:t>^- b»6»JBS7tf>*M4 
[0 12 2] HI 2 7 Sr#fiRL"C, h b 


yft^^645*ttttt»8 a SritSrrSo Hi 
2 8^#IU, SMW4tm8 a*5±t5^— Mft»ffll7 

UrS^fcl-ioT* ^-hhvyf«7a, ^— hlftfe 
K7*3ctW-ir*— h««8^fo*S bi/>^— b 7 o£ 
S£jSS*So H/^-h 7 0<D&&m?£ 

9l^>y^-F^7^H 9*5j:tJ*CVDBMU»2 0& 
JgjS-rSk i: =t>*? b* — ^2 0 ASrJg^-T 

[0 12 3] #ct^, HI 2 9 §r#R5 IT, n" ^>y 3 ^ 

Z>kbt>ltC^ n" v/yaySfilOftZOiffii^pa 
u^*«3(D*ffi{B!H^ 3i/^^«ftii^t5 0 

«±^ctfj, r<o3i2i£tfe#jtc;^Tt>. Hiii-^i-i 

[0 12 4] fiJUi, *HJfi<OJg«l I-I3*t5 IGBTII 

n" i/!) aySSioW?) Kt->f tyi-iot* 
^<'iot**p^x;l/4l^t^61#^ r. 

(ossiv^osHawdio-ciswstt, mmrn 1 5 1 P 

(aot, tb»M 1 5 (0±ffl|0ffi0«firtt. p^A-4 
t-g^^fc^ 5 s> 5 EJLTfc tStf IH«ffi*"C(S:T 

[0125] mmm 1 5 <oTwioffio«ffitt, mua 1 
5<^^-c^>^;i£^Tco^fc^±#i~s^. r^®{i_b# 
ttjajsjieasi 5oB^{cjtw-rs^T% tuu 1 5£ 
+^»<-rnfi*>-r*^ i b^t-*So — *\ ^— bb^ 

[0 12 6] I^J:^^ |6iil5TOlto5M/y 
tt. y-bhi/yf 7 0O^-MfeW7Of$(D4i 

[0127] ^fc, h hix^7 o<om^tmmm 
1 5 tcosg^d x{-ov^T^L amisofsgsjjs 

[0 12 8] I GBT^^^ttffit^m^Ttt, Ifi 


(13) 
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h h l/yf 7 O t ^ii 1 5 t OP^KF^ (d 

x) Sriiar.i:^*tL<, P l>*^4 ^S(*UJ-< vMK 

#ttft5o 

[0 12 9] r.cOf'^. ^.^ $/^WJcD* — /u«SE^«^ 

7 0 J; 9 S»tcK«-T5i&5a s &5o 
[0 13 0] £/c, ^-hh u>^7 0<D\fy^%fc< 

— 9^4^pj*u(-< <ftsco-c*^r y r*« 
-c** y r&m&i&T'rzz 5t-ft£ 0 20 

[0 13 1] W_b<^ J: I GBTco^->^ftS(-*5(t 

y T^S^SV^J: 0 ft#*£:*i- £ 5 t-ft£o 
[0 13 2] I GBT(0^-yt7^ll^O 

vvriwtrso — iGBTm ^—vn&tm 

So 

[0 13 3] L/c^oT, t^tir^-^^ftic^ 
p j7i;MOTOf- h h U^*? 7 0 (cH^tifcgP^tC 

o T fcifcdlW* £ ft k ft V \ 

[0 13 4] Sr. *^#:m<nh msic^LfcJ: 40 
5ft^^ y T^*Sr^o/c I GBT5:^-^7ta 

[0 13 5] t^L, *>6S«=^^^*BEds±#LT 

^£/i^m^5£, ^ics^sn/c^^yrco^ft^ 
ssjioffi^ii^t-ftio 

[0 13 6] «E*<D«3|a)IGBTtia«l^ a 50 
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[0 13 7] ^O^m. 

mt-#ft5 I GBTrtSB<D£ff±# 1 bfS<M3x.S-4: 

[0138] ^fc, mi i^^xte, y— h h v^tr 

h huv^-ftdJiSTUfc^ y— bS*dS4»<oi 

hffi»Sl7Ltt. 4 8 ICT LfcS* I G B T<Dt 

0^ffi^J;5 1 b<00*i5« :z F^.<ftoT*3f9, 

[0139] *»s<&«iBfc::i3^Ttt. ^-b^ 

t dSBTfiB^ftSo 

[0 14 0] *^»^»«B^*5^SttlSBek»o* 

-y^m*. mafias sr^— h h u^&j&n^— 

fcS-4:^t>d^5o rcoj; 5ft*4ttt 5 PffiW*-«ii>u*: 
lft**t?ft<T<>l5a^r«-C*>0, «Tic^-t-**<0» 

m 2 as ^t^iaso^iB 3 id^-rjcffl wnit* 5 "srffi t ft 

[0 14 1] (Hlfi<E>7g1IB 2 ) WT^^t-So'V^C 

|llfe^^2{c^^5^Iffi^^«^i:t>^co^ 
[0142] &i\ HI 3 0 Sr#fig IT, ^HffiO^^ 2 

[0 14 3] m&<OM1&l \^&tfZ> I GBT(0«3BtM: 

[0144] rcD^^: h Oti, h 

>^7 OO^h M/yf*7 a t:fRlC^$$r*"t-5^ 

Obt, >-^« 8 0a $r?5S-t-5 J: b (- K 

-7°K^°y v-y ^>ft^bft£^ h l^^tl 
80ct^lTV>^ o £/c. h l/>-^m®8 

[0 14 5] Ji^Lfc^^i^ft^ I GBT^43V^, 
^ 0 s/^ h l^>^8 0 irOF^(OSg 

ggdxSrO. 2|/ma/c8^ y-hM/yf 70 


(14) 
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£>fcTs^£r«*tf>5. 3//mt, 2. 4MmtL, II* 

ov^, H3 1l-*tc (fc*5* H***igt-<fcS 1 fe<0 
tt % Dummy^EftSte tV^5. 3 u mCO^ 
2g£)T I GBT<Z>»&HU dx=4. 3 // ml^tl^"*" 
5o ) 

iS^IGBTI^t, dx£0. 2/imi:UW 

[0 14 6] Wc, ±Efl!3t± 0*515*^*12^*3 
tt5 I GBT(7>Sl5S*ffi(-OV^T, HI 3 2-B4 0 Sr# 
ISLTiftBIH-fco ^i3 2~i4 0H H]3 0(7)»f® 
fflfig o /c Ki£ X e Sr ^ -Tin £ o 

[0147] *-f 12 3 2 £r#flg It, 5p>fi4S*S* s 2 0 
0-1 0 0 0Q - c m£0 n " V =3 >^tt 1 

[0148] m 3 3 st#bb mM<omm 1 1 

[*M$<03S«-C, n- v-y =r^4El<0«l(^*ffifflfl(-^ 20 
SE£l. 5—4. Oym, »tWMlX10 15 
~5X10 18 cm^p!>x/M^ ^££0. 8 — 2. 
0 n m, SET^^gg l X 1 0 19 - 1 X 1 0 20 c m" 3 

[0 14 9] n" i/!)3yJSl©*2<0±Sfl 

Ul. t££ 1 0-3 0 Mm, fcT— X 1 0 14 - 1 X 
10 18 cra- 3 ©n/^77l2h *££3 — 1 0 ^ m. 
f - ^ IS* n 7 7 i 2 «t 0 fciSV^P 

[0 15 0] UCI^ 034S:#it^ n^^y^S 30 

j*;-r5o #cl£* H3 5Sr#fiBLT, ^-hhv^*7 
a jSit^x^ j/^ h l/yf"«8 0 a SrMS, 

S y& bi^>^i*8 0 a(OBBPBBi:JiESRi:ttA<>icO^ 

a ottis^DaiadsspffiUkSHafcii). b b u^^m 

7 a *3<ttJ5ai* y# b l/^f-fltS 0 a <DiHmffi^Mt&£ 40 

[0151] »CJ^ IS 3 6 Sr#RgL"C. b b 

Mfe»IK7*5j:W3i5 s/^i»»»8 ObtWS i0 2 

[0 15 2] ms 7Sr#itt, b b 

^j»7 a*5<fct>^5 ^ b U>f|8 0 a <£>f*36Bl-s fc 

[0 .15 3) *I^BI3 8Sr#»,Lt, IfeRRTbfcJ:^ 50 


hl/yf«7a, b»*tt7*5j:Vy— b««8 3&^ 
tfcS'jr — hhl^yf 7 0t, zn^^/^b l^>^«8 0 

a N ^^(6tW8 o b jsitfi? y# b 
80c3&»e>fc5^Ss/*b l/>^8 0 £r^EJ*;£it3o 
[0 15 4] ms 9Sr#RgLT. *>y-{r— b#7 

— ^ 1 9*3*1*0 VDHMfcW 2 0 §rff£j55cU 
^h^-/V2 0A, 5 0&«Pt^o 0 4 lie, 
<£>_Lffi^ — >IU$r^i"o =*v^ b*— ^2 0 tt, A 
-A' ' 9 isJztfB-B' ' ' ^Hir«*rtl-»*fc3*t 

£ 0 nlK-7°K^yi/!)^^8bH A- 

A' ' ' *5£t^B-B' ' ' M-C^iy^V^SttWaW 

CnSK^K^y^'J 0 c t 8 irtt^BtSiX 

So 

[0 15 5] ^©S, 04Oi^t«t5l^ n-i/V=t 

ySSEiogi(D±IlC n*^s>^®«5, 

zc^4*5<t^^ b l^^^m^8 0 c {Cttftttf-S! 

i^5^^^1iioS:Mt5^ti^ = 

>W& 1 2 <D^.m%H<D p^U? #m 3 CO^ffiiC t>s 

ni/^^iii l^Mt^c rtt(^±f9, *mm<DM 

[0 15 6] 4*5, 04 KO¥ffiBl^tJ;5l^ P 
^4^n* ^ ^««5ir£X£^E«£l*:2>rfc 

^t^/^o ft*5, H14 1 JC^-Ttflittt, Hl3 9CO± 

[0 15 7] Wii, *HJS^flB2(C*3ttS I G B TlC 
^oV^rt>, HlfiO^lBl K*3#5 I GBT t H«<?5^ffl 

[0 15 8] £fc. . t£*«iS{-*5^^fc, tfs/^SrlS«> 
T, d x &&<-r*Ui, *H^co^fig2{c^:-r^3gt Ir) 

- (»ISt) */bS<4Srt 

[0159] sc>{^, *mt}%&o - t*mv>oigw/E 


(15) 
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[0160] mmmms) sit. :^^i-s^ n 

[0161] *i\ El 4 2 £r#8B It, **lfc<z>7gflS3 

dO^-Ctft^-TSo **5, 0 4 2|£*3l^T, 

Tl^o 04 2(C*5^T, x>^Fl/yf80 

OPJ|:*5 p £^/V4 I GBT^f&fN-GflftLfc^ 10 

[0 16 2] **lfe<75?g<B3^*3(tS I GBTCQJtit 
ft, ±»Lfc*«S^»2lC*5ttS I GBTfcJtttbfc 
^r— h h 7 0tf>HlC 1 OCD^^ y ^ b 

7 0 StRH^S J: 9 I^LfctOTfeSo 
[0 16 3] citf)*^ y-hFi/yf 70tx^^ 
hi/yf soi^lfJC^-efcott), -{r— 20 

[0 164] ^iiH M^^ffit d x fcSrirtf-l 
0**3 %tc^— h h u>?-7 o^ld^-rn«i:v^^{c 

— h h U^^-m^Mfe I GBTC< b*<X, h^fi 30 

Iifi4^ii:4^ t'y^tSSsoigs 2t- 

^-r«fi£f-*t-<s t 1 o 1 \zms.-r% 

[0165]fc ±|B»JgJ:!94SI8Jfi^ffl3tci3 
ItS I GBTcOSJat^tCOV>X, @43-i46?r# 
ittRWtSo fc*5* E 4 3-1^14 6 HI 4 2 COW 

[0166] 0 4 3 Sr#JB Lt\ %M<Dj&1& 2 {C*5 
US 0 3 2-B3 8tC^Igtl^i|c7)X*i£ffl^T, 
y-H.vyf 7 0t5±V3:^^H^^8 0S:M 40 
-TSo -t^f*. 04 4£#fSLT, y-hM^^f70 
tf>-$r— hffiS 8 (D^ffico^SrS KBMbJR l 8 SrJg 

[0 16 7] 04 5Sr#fiSLT. \ Y^^-f- 

7 0 5rIU5^-v'^"^^7^1 9*5iTJ«CVD 

[0 16 8] 04 6 Sr#S8t"C, n~ v-y 

ffii(^®i^£cBWJ^ffiSr«5 <t 5t-^^ ^^m®i o 50 


£rJ&*i~5i: fc&f-, n " y = 1 cD^ 2 co^ffi 

llWt^o EAJbt-cfctK 0 4 2 {C^i-^JfeO^ffi 
3(;i*3tt5 I GBT^^t^o 

[0 16 9] JL^±, *3ll£<OJK«8 3(^*3^5 IGBTC 
*3V^Tfc, j|lfi^»l»l*3J:t>*lllS<O^JS2 fcH«<Of^ 

fcd s "C#£o ft**, *HJfi^}^ffi3{^ 

[0 17 0] HI 4 2{^-r»fffi«5ti-ISfe-f, 

04 7*3 ±1*12 4 8{C^»ffi«igS:*i-S I GBTO 

Sfflt^fiB-r-feSo 0 4 7 [c^-f" i g b t y-hh 

0S:2«gjRLTKd\ t«^nt p^ 
x;i,4 CO^— h h l/yf 7 0 (cS"t"5SB5>i-n* ^ ^ y 

31^ vy^ j. lx>-^8 0 t p ^oiyW4 t l<@J^-b}*A> 

19^ p ^m^4 cDgffi^^fl^U x^^bl/yf 8 

&tz, 04 8 l^^-r± 0 hl/yf-8 0^p] 
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